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The light ou^ut emitted by diodes of the Gallium Nitride type which comprises two distinguishable emissions is controlled by a 
single optical element (10) in the fonn of a lens having a central part and an annular part with difYerent optical powers. The total output 
light of the diode may be coUlmated or brought to a common focus. The single optical element is preferably injection moulded and the 
annular patt takes die form of a diffraction lens. The first part (12) is preferably a refractive lens which has a different opdcal power to the 
second part (14) which is preferably a diffiractive lens. The optical power of the refractive lens (12) (the first optical power) and the opdcal 
power of die diffractive lens (14) (the second opdcal power) are selected to mateh the light source Utat the lens (10) is h> be used with. 
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Optical Element 



PCT/GB98/00326 



The present invention relates to a single optical 
element, in particular to a lens suitable for use with a 
particular type of light emitting diode (LED) structure. 

A typical structure of one specific type of LED is 
shown in Fig la. The light emitting material is housed 
in a cup-shaped reflector. The light emitted from such 
an_LED has_ two _ spat ial_ components, as_ shown in_Fig .lb,.. , 
one of "the components (the central component labelled LI) 
arises from direct emission from the top face of the LED, 
the other (the component around the perimeter labelled 
L2) arises from the sides of the LED and is reflected by 
the cup-shaped reflector- These two components are 
separated by an area with substantially no emission 
(labelled Dl) and which although illustrated as circular 
need not be circular. The light Ll emitted from the top 
face of the LED typically accounts for only about 2 0% of 
the total light output. 

The effect of having direct emission from the top 
surface of the LED and indirect (reflected) emission from 
the sides of the LED is that the device appears to have 
two light sources, SI, S2 as shown in Fig Ic. One source 
(si) is for the direct emission Ll from the top surface; 
the second source (s2) is for the indirect emission L2, 
and appears to be behind the LED device. Thus, the 
second source (s2) is a virtual source. 

The light pattern from the direct emission Ll is a 
narrow beam of light; whereas the light pattern from the 
indirect emission L2 is an annular beam surrounding and 
spaced from the direct emission. The light emission from 
the type of LED structure shown in Fig 1, has a highly 
divergent component (the indirect emission) L2 and is 
spatially inhomogeneous . Thus it is difficult to use 
this type of LED as an effective optical source of 
collimated or focused light. It will also be 
appreciated that certain forms of conventional lamp 
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sources display similar characteristics of spatially 
inhomogeneous emiss ion . 

It is an object of this invention to obviate or 
mitigate the above disadvantage. 

The general solution to the above problem is to use 
in combination with an LED or other source as previously 
described a single optical element which has two optical 
powers, one of the optical powers is used to focus or 
_j::o.ll.imate.-one_-.component -of--the^LED:-emission,- the -other • — 
^optical power is used to focus or collimate the other 
-component of the LED emission; thus the two spatial 
components of the LED emission can be collimated or 
brought to a common focus . 

One advantage of the present invention is that it 
allows a significant proportion of the light emitted from 
such an LED or other source to be focused or collimated 
onto another optical element (e.g, a wavecruide suc h as an 
optical fibre which would homogenise the beam profile, or 
a combiner) , making this type of LED or other source a 
convenient light source for many optical applications 
which have previously used laser sources . 

According to a first aspect of the present invention 
there is provided a single optical element comprising a 
first part with a first optical power and a second part 
with a second optical power, where the second part is 
disposed around the perimeter of the first part. 

It will be understood that the single optical 
element is to be used with an optical source such as the 
previously described LED producing both a narrow beam of 
light and an annular beam of light, and one of the parts 
is used to focus or collimate the narrow beam of light 
and the other part is used to focus or collimate the 
annular beam of light, the first and second optical 
powers being selected to ensure that the narrow beam of 
light and the annular beam of light are brought to a 
common focus or are collimated. 

■ The first part may be either a refractive or a 



wo 98/36295 



PCT/GB9S/00326 



3 

diffractive lens. The second part also may be either a 
refractive or a diffractive lens. It is also preferred 
that the single optical element, is manufactured by 
injection moulding. 

According to a second aspect of the present 
invention there is provided a single optical element 
according to the first aspect of the invention in 
combination with a light source that produces direct and 
--reflected aight, - where the direct light is a narrow beam, 
and the reflected light is an annular beam, the 
combination producing at a common focus or in common 
collimation both direct and reflected light. 

According to a third aspect of the present invention 
there is provided an optical system comprising at least 
two single optical elements according to the first aspect 
of the present invention and arranged to produce 

col lima ted beams ,_eaj;.h_s.ingle^op.tical-element-bei-ng 

associated with a LED or other source as previously 
described as its input, a combiner to combine the output 
of each optical element, and an output lens arranged to 
focus the combiner output to a common focus . 

Preferably, each of the LEDs (or other sources) 
emits light of a different colour. 

It will be understood that by vairying the emission 
intensity of each of the coloured LEDs the colour 
produced at the output of the combiner can be varied, 
thus a specific spectral output characteristic can be 
produced by the system. Alternatively the differently 
coloured LEDs may be switched on in turn for use as part 
of a scanning system. 

These and other aspects of the invention will become 
apparent from the following description when taken in 
combination with the accompanying drawings in which: 

Fig la is a sectional view of a known specific type 
of LED device; 

Fig lb is a diagrammatic view of the two components 
of light emission from an LED of Fig la; 
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Fig Ic is a sectional view of the LED device of Fig 
la showing the source (si) of the direct emission and the 
apparent source (s2) of the indirect emission; 

Fig 2a schematically shows a front view of a single 
optical element with two parts in accordance with the 
present invention; 

Fig 2b schematically shows a side view of the single 
optical element of Fig 2a; 

Fig 3 shows the optical element of Fig 2 focusing 
the light emission from an LED to an optical fibre 
according to one aspect of the invention; and 

Fig 4 shows an optical system for combining the 
outputs of two LEDs using the optical element of Fig 2 
according to another aspect of the invention. 

Fig la shows the specific type of LED structure 
which is used in embodiments of the present invention and 

-^hieh~is~-representat4ve-of-cert-ain-ot-her-forms-o 

conventional lamp sources. An example of the specific 
type of LED structure which is used in embodiments of the 
present invention is the Gallium Nitride or GaN LED 
available from Nichia Chemical Company. This type of LED 
has a single quantum - well emitting - region and it 
emits light of narrow bandwidth (for example lOnm 
spectral linewidth) and high power (for example several 
milliwatts) - Fig lb shows the two components of light 
emission (LI and L2) that are characteristic of the 
specific type of LED structure shown in Fig la- Fig Ic 
shows the source SI and the apparent source S2 that give 
rise to the two components of light emission of Fig lb 

Referring to Figs 2a and 2b, which show two views of 
a single optical element, the optical element is a dual 
focal -length lens 10 which has two integral parts.. The 
first part 12 is generally circular and is located at the 
centre of the lens 10, the second part 14 is annular and 
is disposed around the perimeter of the first part 12. 

The first part 12 is preferably a refractive lens 
which has a different optical power to the second part 14 
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which is preferably a diffractive lens. The optical 
power of the refractive lens 12 (the first optical power) 
and the optical power of the diffractive lens 14 (the 
second optical power) are selected to match the light 
source that the lens 10 is to be used with, as will be 
described with reference to Fig 3 . 

Fig 3 shows the lens 10 focusing the light emission- 
from an LED 20 into an optical fibre 22 according to one 
aspect of the invention. To achieve maximum coupling of 
the light from the LED 2 0 into the optical fibre 22 both 
the spot size and the angle (numerical aperture) of the 
output from the lens 10 (the lens output 24) should be 
matched to the aperture of the optical fibre 22. Only 
the numerical aperture needs to be matched in this 
embodiment because typically the spot size is smaller 
than the aperture of the fibre 22 (and of course the 
product of numerical aperture and spot size is 
,^ invariant) . 

The required lens magnification (RLM) equals the 
. numerical aperture (NA) of the LED divided by the 
numerical aperture (NA) of the optical fibre, as given by 
equation 1: 

RLM = LED NA ~~ /.v 

Fibre NA 

and the required focal length is given by equation 2: 

Focal = RLM* (Object di stance Image distance) (2) 
Length (rlm + 1)^ 

Applying equations 1 and 2 to the embodiment of Fig 
3 yields equations 3 and 4 for the direct light case 
(i.e. light (L7) emitted from the top face of the LED 
20) . 

RLMl = NAleo- (3) 

Focal length 1 = RLMl * (d ^ + d ^} (4) 

(RLMl +1)2 

■ -Applying equations 1 and 2 to the embodiment of Fig 
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3 yields equations 5 and 6 for the indirect light case 
(i.e. light (L2) emitted from the sides of the LED then 
the reflector) : 

RLM2 = NAl2D2 (5) 

Focal length 2 = RLM2 * (d , y: j_^ ^ + y: ^ ^ 4- d .) (6) 

{RLM2 +^1)^ 

Typical values for the parameters in equations 1 to 6 
are given in Table 1 for a GaN LED. Using equations 3 to 
e with values of the desired distance from the LED 20 to 
the lens 10 and the desired distance from the lens 10 to 
the optical fibre 22, the required values of the first 
optical power and the second optical power can be 
calculated. Optical power, of course, is the inverse of 
focal length. 

Fig 4 shows an optical system 30 for combining the 
outputs of two LEDs according to another aspect of the 

invention .__The system-.-3-O. has a_ .-f irst — LED - --20a -with -- a 

corresponding first lens 10a, and a second LED 20b with a 
corresponding second lens 10b. The output of the first 
lens (the first lens output 24a) and the output of the 
second lens (the second lens output 24b) are both 
collimated beams. These collimated beams are input to a 
combiner 40 which transmits the second lens output 24b and 
reflects the first lens output 24a to produce a collimated 
output 42 which is a combination of the first and second 
lens outputs 24a, b and which is delivered to an output lens 
10c, preferably an achromatic lens, arranged to focus the 
combined lens outputs 42 into the optical fibre 22. Lens 
10c may be a singlet or may be multi-element and is a 
single focal length lens. Additional lenses may be 

included, for example, in the path of the first lens output 
24a or in the path of the second lens output 24b. Thus 
diffraction gratings or dichroic mirrors may be used to 
combine the emission from several LEDs. 

The two LEDs {20a, 20b) emit light at different 
wavelengths, for example, the first LED 20a preferably 
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emits red light, the second LED 20b preferably emits blue 
light so that by varying the emission intensity of the 
LEDs, 20a and 20b (by individual controllers, not shown) 
the colour produced at the output of the combiner 4 0 can be 
varied. 

Various changes may be made to the above described 
embodiments within the scope of the present invention. For 
example, the first part 12 in the lens 10 need not be 
. circular, it may be elliptical or some other shape. This 
may be required if the LED 20 emits a narrow beam Vhich is 
elliptical or some other shape. Similarly, the second part 
14 need not be circular along its outer periphery, it may 
be another shape, for example to fit a particular lens 
holder. The first part may not be a refractive lens, it 
may be a diffractive lens. Similarly, the second part may 
not be a diffractive lens, it may be a refractive lens. 

In other- embodiments -of "the optical system 30, more 

than two LED's may be used. For example, a green LED may 
also be used so that there are red, green and blue LEDs, 
which are the primary colours, and the system may include 
means of adjusting the emission intensity of each of the- 
LEDs to produce a collimated output 42 with controllable 
spectral characteristics. Thus a specific spectral output 
characteristic can be selected by adjusting the emission 
intensity of each of the LEDs . This can be achieved by 
increasing or decreasing the drive voltage or current of 
each individual LED to make the emission from that LED more 
or less intense. In other embodiments of the optical 
system 30, the two LEDs may not emit red and blue light, 
they may emit light of other wavelengths (including 
infrared) . 

In other embodiments of the invention an array of 
LEDs, each of which emits blue light, is used to cure 
dental composite material. A holographic diffusing 
material may be used in combination with the lens 10 to 
produce a homogenous light distribution which provides 
uniform curing of the dental composite material. 
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In other embodiments of the invention an array of 
coloured LEDs may be used for applications such as' 
biomedical imaging, cytology, time-resolved fluorescence, 
and microscopy applications such as fluorescence 
microscopy. 
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Table 1 



NA,,3 = 


0.12 (Direct LED NA) " ' 


DIAj^o = 


0.23 mm (LED Direcc Diameter) 




0.3 7 (Typical Fibre NA} 


DIApjBRc = 


0.50 mm (Typical Fibre Core Diameter) 




0.2 0 (Indirect LED NA) 


DIAi,-o2 = 


0.30 mm (LED Indirect Diameter) 




12 mm (LED to Focus of Output) 




13 mm (Emitting Point Behind LED) 
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CLAIMS 

1. A single optical element comprising a first part 
(12) with a first optical power and a second part (14) 
with a second optical power, where the second part (14) 
is disposed around the perimeter of the first part (12) . 

2. A single optical element as claimed in claim 1, 
wherein the first part (12) is a refractive lens and the 
second part (14) is a diffract ive lens. 

3 . A single optical element as claimed in either 
preceding claim, wherein the element (10) is manufactured 
by injection moulding. 

4 . A single optical element as claimed in any preceding 
claim, in combination with a light source (20) that 
produces direct (LI) and reflected- {L2) light, where the 
direct light (LI) is a narrow beam, and the reflected 
light (L2) is an annular beam, the combination producing 
at a common focus or in common collimation both direct 
and reflected light (LI, L2) . 

5. The combination claimed in claim 4, wherein the 
light is focussed to a common focus and including an 
optical fibre (22) arranged to receive the focussed light 
at the fibre input . 

6. The combination claimed in claim 4 or claim 5, 
wherein the light source (20) is a LED having a single 
quantum-well emitting-region. 

7. The combination claimed in claim 6, wherein the LED 
is a Gallium Nitride LED. 

8. An optical system comprising at least two single 
optical elements (10a, 10b) as claimed in any one of 
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claims 1 - 3 in combination with respective light sources 
(20a, 20b) that produce' direct and reflected light, where 
the direct light is a narrow beam and the reflected light 
is an annular beam, each single optical element (lOa, 
10b) being arranged to produce a collimated beam (24a, 
24b) , a combiner (40) to combine the two collimated 
beams, and an output lens (lOc) arranged to focus the 
combiner output to a common focus. 

9. An optical system as claimed in claim 8 wherein the 
different light sources (20a, 20b) produce light of 
different colours. 



10. An optical system as claimed in claim 9, including 
means for varying the emission intensity of each of the 
light sources (20a, 20b) to produce a desired output 
characteristic from the system. 
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